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(54) Charging system and battery pack 

(57) Charging device (1 0) charges nickel-hydrogen 
batteries (58), while adjusting the current value so that 
the temperature follows the target temperature rise pat- 
tern. Therefore, nickel-hydrogen batteries that demon- 
strate a large temperature increase can be charged 



within a short time so that a high temperature is not at- 
tained. Furthermore, when lithium ion batteries (58) are 
charged, the current value is controlled so that the volt- 
age follows the target voltage rise pattern. Therefore, 
lithium ion batteries can be charged at a potential no 
higher than the preset level (Fig. 1A). 
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Description 

[0001] The present invention relates to a charging 
system for charging a battery and to a battery pack. 
More specificaliy, the present invention relates to a 
charging system for charging a first battery which can 
be charged at a constant current, such as a nickel-hy- 
drogen battery, and a second battery which cannot be 
charged at a constant current and can be charged only 
at a potential below the preset level, such as a lithium 
ion battery, with the same charging device, and to a bat- 
tery pack in which the second battery which cannot be 
charged at a constant current is charged by using a 
charging device for charging the first battery which can 
be charged at a constant current, such as a nickel-hy- 
drogen battery. 

[0002] Nickel-hydrogen batteries are presently used 
as high-performance batteries. Nickel-hydrogen batter- 
ies may have a capacity higher than that of nickel-cad- 
mium batteries that have found wide application, but 
they generate a large amount of heat in charging, and 
when a high temperature is reached because of such 
heat generation, the electrodes or separators of the bat- 
tery inner cell are degraded, shortening the service life 
and, therefore, making the batteries difficult to handle. 
[0003] Lithium ion batteries have started finding ap- 
plication as the batteries demonstrating higher perform- 
ance than the nickel-hydrogen batteries. When a poten- 
tial above the preset level was applied to the lithium ion 
batteries, there was even a danger of inflammation and 
the batteries were very difficult to handle. For this rea- 
son, it was necessary to charge the lithium ion batteries 
at a constant current at the initial stage of charging and 
to conduct charging at a constant voltage having the 
prescribed value when the battery voltage reached the 
preset value so as not to exceed the preset value of the 
potential. 

[0004] The inventors have studied the possibility of 
charging lithium ion batteries with a charging device for 
charging nickel-hydrogen batteries at a constant cur- 
rent. However, it was predicted that since a potential ex- 
ceeding the preset value cannot be applied to lithium 
ion batteries, as was mentioned above, and the lithium 
ion batteries have to be charged at a constant voltage, 
a constant-voltage charging circuit has to be added to 
make the charging possible which will increase the cost. 
[0005] With the foregoing in view, it is an object of the 
present invention to provide a charging system which is 
capable of charging a first battery which can be charged 
ata constant current, such as a nickel-hydrogen battery, 
and a second battery which can be charged only at a 
potential no higher than the preset level, such as a lith- 
ium ion battery, with one charging device comprising no 
constant-voltage charging circuit. 
[0006] Another object of the present invention is to 
provide a battery pack suitable for charging a second 
battery that cannot be charged at a constant current by 
using a charging d evice designed for charging a first bat- 



tery which can be charged at a constant current, such 
as a nickel-hydrogen battery. 

[0007] According to the present-invention , a charging 
system for charging a first battery which can be charged 
5 at a constant current and a second battery which can 
be charged only at a potential below the preset level with 
the same charging device, wherein said first battery 
comprises a temperature detecting element, said sec- 
ond battery comprises an output unit for outputting a po- 
10 tential corresponding to the battery voltage, and said 
charging device comprises a detection unit for detecting 
the temperature of the first battery and the voltage of the 
second battery, a current value search unit for searching 
a current value at which the temperature of the first bat- 
's tery that was detected with said detection unit follows 
the target temperature rise pattern during charging and 
searching a current at which the voltage of the second 
battery follows the target voltage rise pattern during 
charging, and a charging current control unit for charg- 
ing the batteries at the current value found by said cur- 
rent value search unit. 

[0008] In the charging system in accordance with the 
more preferred teaching of the present invention, when 
the charging device charges the first battery which can 
be charged at a constant current, such as a nickel-hy- 
drogen battery, charging of the battery is conducted, 
while the current value is being adjusted so that the tem- 
perature follows the target temperature increase pat- 
tern. As a result, charging can be conducted within a 
short time so that the nickel- hydrogen battery demon- 
strating an intensive increase in temperature is not heat- 
ed to a high temperature. Moreover, when the same 
charging device is used for charging the second battery 
which can be charged only at a potential no higher than 
the preset level, such as a lithium ion battery, charging 
is conducted, while the electric current is being adjusted 
so that the voltage follows the target voltage increase 
pattern. As a result, the lithium ion battery can be 
charged at a potential no higher than the preset level. 
Therefore, the first battery which can be charged at a 
constant current, such as a nickel-hydrogen battery, and 
a second battery which can be charged only at a poten- 
tial no higher than the preset level, such as a lithium ion 
battery, can be charged with one charging device pro- 
vided with no constant-voltage charging circuit. 
[0009] In accordance with the more preferred teach- 
ing of the present invention, a detection unit detects the 
temperature of the first battery based on the potential of 
a resistor connected to a temperature detecting element 
incorporated in the first battery. As a result, the detection 
unit can accurately detect the temperature of the first 
battery based on the potential of the resistor and also 
the battery voltage of the second battery based on the 
potential corresponding to the battery voltage from the 
output unit of the second battery. 
[0010] In accordance with the more preferred teach- 
ing of the present invention, the first battery stores the 
temperature rise pattern during charging which is the 
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target for the first battery, and the second battery stores 
the voltage rise pattern during charging which is the tar- 
get for the second battery. As a result, various first bat- 
teries and various second batteries can be charged ac- 
cording to the respective battery characteristics. 
[0011] According to the present invention, a battery 
pack in which the second battery which can be charged 
only at a potential no higher than the preset level is 
charged with a charging device conducting charging so 
that the temperature of the first battery follows the target 
temperature rise pattern during charging by detecting 
the temperature of the first battery which can be charged 
at a constant current by the potential and controlling the 
charging current so that changes in the potential follow 
the preset pattern, wherein by outputting the potential 
corresponding. to the voltage of the second battery to 
said charging device, said charging device is caused to 
control the charging current so that the changes In the 
potential follow the preset pattern and to conduct charg- 
ing so that the voltage of the second battery follows the 
target voltage rise pattern during charging. 
[0012] According to the present invention, the battery 
pack outputs a potential corresponding to the second 
battery voltage to the charging device. Because of such 
output, in the charging device, the charging current is 
controlled so as to obtain the preset pattern of changes 
in the potential and charging is conducted so that the 
voltage of the second battery follows the target voltage 
rise pattern during charging. As a result, the second bat- 
tery which cannot be charged at a constant current can 
be charged by using a charging device that can charge 
the first battery which can be charged at a constant cur- 
rent, such as a nickel-hydrogen battery. 

Brief Description of the Drawings 

[001 3] Fig 1 (A) is a block diagram illustrating a control 
circuit of the charging device of the first embodiment of 
he present invention and a nickel-hydrogen battery 
pack . Fig 1 (B) is a block diagram illustrating a control 
circuit of the charging device and a lithium ion battery 
pack. 

[0014] Fig 2 is a perspective view illustrating the ap- 
pearance of the charging device of the first embodiment 
of the present invention. 

[0015] Fig 3 is a perspective view illustrating the ap- 
pearance of the battery pack. 

[0016] Fig 4 is a side view of a battery-powered drill 
using the battery pack shown in Fig 3. 
[0017] Fig 5 is a circuit diagram of a battery voltage 
transformation circuit incorporated in the lithium ion bat- 
tery pack. 

[0018] Fig 6 is a graph illustrating the charging princi- 
ple of the charging system of the first embodiment. 
[001 9] Fig 7 is a graph illustrating changes in the bat- 
tery temperature and charging current controlled by the 
charging device. 

[0020] Fig 8(A) illustrates the conventional method for 



charging of lithium ion batteries. Fig 8(B) illustrates the 
method for charging of lithium ion batteries of the 
present embodiment. 

[0021] Fig 9 a flow chart illustrating the processing 
5 conducted by the control unit of the charging device of 
the first embodiment. 

[0022] Fig 10 is a flow chart illustrating the charging 
processing of nickel-hydrogen batteries conducted by 
the control unit of charging device of the second embod- 
10 jment. 

[0023] Fig 11 is a flow chart illustrating the charging 
processing of lithium ion batteries conducted by the con- 
trol unit of charging device .of the second embodiment. 

15 preferred Embodiment Of The Invention 

[0024] The charging device of the preferred embodi- 
ment of the present invention will be described below 
with reference to the drawings. 

[0025] A charging device 10 is designed to charge a 
battery pack 50 incorporating nickel-hydrogen batteries 
58, as shown in Fig 1(A). In the first preferred embodi- 
ment, a battery pack 50B incorporating lithium ion bat- 
teries 58B, as shown in Fig 1 (B) comprises a battery 
voltage transformation circuit 62, which makes it possi- 
ble to conduct charging with charging device 10 de- 
signed for charging the nickel-hydrogen batteries. Fig 2 
shows the appearance of charging device 10, Fig 3 
shows the appearance of battery pack 50. Fig 4 shows 
a battery-powered drill 70 driven by battery pack 50. 
[0026] The structure of battery pack 50 which is 
charged with charging device 1 0 will be explained with 
reference to Fig 3. 

[0027] In battery pack 50, a plurality of nickel-hydro- 
gen batteries 58 electrically connected in series to each 
other are incorporated, as shown in Fig 1 (A), into casing 
51 made of a resin and molded to have an almost rec- 
tangular shape. The battery pack comprises a temper- 
ature sensor TM for detecting the temperature of batter- 
ies 58 and an EEPROM 61 storing data such as battery 
pack system and the like. The temperature sensor TM 
comprises a thermistor whose electric resistance 
changes depending on the temperature. 
[0028] As shown in Fig 3, fitting portions 52 forming 
fitting grooves 53 are formed parallel each other in a rail- 
like configuration on the upper end side of casing 51 of 
battery pack 50. They can be engaged with battery-pow- 
ered drill 70 or charging device 1 0 when the battery pack 
is installed thereon. Further, a hook 54 that can be in- 
serted or removed in the vertical direction is provided in 
a zone located at one end of fitting portions 52. Hook 54 
is integrally molded with a lever 55 provided at the side 
surface of casing 51 and is impelled in the protrusion 
direction by a coil spring (not shown in the figures). As 
a result, when battery pack 50 is installed on battery- 
powered drill 70 or charging device 1 0, the hook can be 
engaged with the prescribed hook groove formed there- 
in. 
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[0029] Therefore, the hook serves to prevent easy 
separation of battery pack 50 from battery-powered drill 
70 or charging device 10. Furthermore, when lever 55 
is pushed down toward the lower end of casing 55 
against the impelling force of coil spring, hook 54 is 
moved toward the lower end so as to be retracted. 
Therefore, the engagement with the hook groove is re- 
leased and battery pack 50 can be separated from bat- 
tery-powered drill 70 or charging device 10. 
[0030] Furthermore, a vent opening 56, a plus termi- 
nal groove 57, a minus terminal groove 59, and a con- 
nector 60 are provided on the upper end side of casing 
51 so as to be located between the fitting portions 52. 
Vent opening 56 is formed in a position in which it can 
be linked to a ventilation opening 16 provided in charg- 
ing device when battery pack 50 is installed on charging 
device 10. As a result, air can be passed through the 
battery pack 50 by a cooling fan incorporated in charging 
device 10, thereby making it possible to cool the battery 
pack 50 during charging. In other words, charging de- 
vice 1 0 provides an air cooling system. 
[0031] On the other hand, a plus terminal T1 and a 
minus terminal T2 shown in Fig 1 (A) are provided in plus 
terminal groove 57 and minus terminal groove 59, re- 
spectively. The configuration of those terminals t1 and 
T2 is such thatthey can be brought in contact with charg- 
ing terminals or output terminals of the mating apparatus 
when battery pack 50 is installed on battery-powered 
drill 70 or charging device 1 0. Terminals T4, T5 for con- 
necting the temperature sensor TM shown in Fig 1 (A) 
and terminal T6 for connecting EEPROM 61 are provid- 
ed inside a connector 60. 

[0032] The battery pack 50 having the above-de- 
scribed configuration is used by installing it on battery- 
powered drill 70, shown in Fig 4. A battery pack attach- 
ment 75 is formed in battery-powered drill 70 below a 
grip 74 that can be held by a user. A fitting portion that 
can be engaged with fitting portion 52 of battery pack 
50 and the prescribed hoot groove that can be engaged 
with hook 54 of battery pack 50 are formed in battery 
pack attachment 75. Therefore, battery pack 50 can be 
detachably attached to battery pack attachment 75. 
[0033] I n battery-powered drill 70 having battery pack 
50 thus installed thereon, the plus terminal T1 and minus 
terminal T2 of battery pack 50 are connected to charging 
terminals (not shown in the figures) at the side of battery- 
powered drill 70 to receive power supply. As a result, a 
chuck 76 can be rotated by a motor (not shown in the 
figures). The appearance of lithium ion battery pack 50B 
is identical to that of nickel-hydrogen battery pack 50 
described above with reference to Fig 3 and the descrip- 
tion thereof is omitted. 

[0034] The structure of charging device 1 0 for charg- 
ing the battery pack 50 and battery pack 50B will be de- 
scribed below with reference to Fig 1 (A) and Fig 2. 
[O035] As shown in Fig 2, charging device 10 has a 
resin casing 1 1 . A fitting portion 1 2 on which the battery 
pack 50 can be installed or an air suction opening 13 



through which the air supplied into battery pack 50 by 
the incorporated cooling fan can be sucked in from the 
outside is formed integrally with casing 11 . Furthermore, 
various indicators (not shown in the figures), such as a 

5 capacity indication lamp for indicating the capacity of 
battery pack 50 during charging or a state indication 
lamp for indicating an operation state of charging device 
1 0, are provided at casing 1 1 of charging device 1 0 and 
actuated and controlled by the below-described control 

w circuit. 

[0036] A guide 14 which can guide the fitting groove 
53 of battery pack 50 and a ventilation opening 16 that 
can be linked to vent opening 56 of battery pack 50 are 
formed in fitting portion 12, and the prescribed hook 
'5 groove that can be engaged with hook of battery pack 
50 is provided in the ventilation opening 16. Further- 
more, output terminals t1 , t2 that can be electrically con- 
nected to plus terminal T1 and minus terminal T2 of bat- 
tery pack 50 are also provided in fitting portion 12, and 
a connector (not shown in the figures) that can be con- 
nected to connector 60 of battery pack 50 is also pro- 
vided therein. The connector contains output terminal 
t3, t4 for power supply, a terminal t5 for connection to 
the temperature sensor TM of battery pack 50, and a 
communication terminal t6 for connection to EEPROM 
61 of battery pack 50. 

[0037] As shown in Fig 1 (A), a control circuit of charg- 
ing device 1 0 is mainly composed of a first power source 
circuit 22A for charging the battery pack, a charge cur- 
rent control unit 24 for controlling the charge current, a 
control unit 26 that can constitute a detection unit for 
detecting the battery temperature (and voltage in the be- 
low-described case) and a current search unit for 
searching the charge current value, a voltage detection 
unit 27 comprising a pair of resistors, a resistor R1 for 
temperature detection, a memory unit 29, and a second 
power supply circuit 22B for supplying a constant volt- 
age of 5 V. 

[0038] First power supply circuit 22A is set so as to 
have a capacity sufficient to charge batteries 58 of bat- 
tery pack 50. First power supply circuit 22A and second 
power supply circuit 22B receive power supply from a 
transformer which steps down the voltage of a commer- 
cial power source (not shown in the figures), and first 
power supply circuit 22A adjusts the charging current to 
the batteries by changing the duty ratio. On the other 
hand, second power supply circuit 22B is designed to 
supply a constant voltage of 5 V, and 5 V potential can 
be output via the output terminals t3, t4. Output terminal 
t4 is connected to ground of second power supply circuit 
22B. 

[0039] As shown in Fig 1 (A), resistor R1 for tempera- 
ture detection is connected in series with the tempera- 
ture sensor TM whose resistance varies depending on 
the temperature, and a voltage of 5 V is supplied from 
the second power supply circuit 22B. Control unit 26 de- 
tects the battery temperature during charging from 
changes in the potential between resistor R1 fortem- 
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perature detection and temperature sensor TM and also 
detects the voltage supplied to the battery from the 
changes in potential on the resistor of voltage detection 
unit 27 comprising a pair of resistors. On the other hand, 
memory unit 29 stores the current value control data 
such as the prescribed map. 

[0040] EEPROM 61 of nickel-hydrogen battery pack 
50 stores the battery type (nickel-hydrogen battery) and 
the below-described target temperature rise pattern dur- 
ing charging. When the nickel-hydrogen battery pack 50 
is charged, control unit 26 can determine the tempera- 
ture rise value by differentiating the temperature values 
calculated based on the potential of resistor R1 for tem- 
perature detection , then calculate the prescribed current 
value based on the temperature rise pattern, and output 
this current value as a current command value to charg- 
ing current control unit 24. Charging current control unit 
24 controls the first power source circuit 22A based on 
the current command value from control unit 26 and ad- 
justs the charging current of battery pack 50. 
[0041] As shown, in Fig 1 (B), lithium ion battery pack 
50(B) comprises lithium ion batteries 58B, EEPROM 61 , 
and a battery voltage transformation circuit 62 that can 
constitute an output unit detecting and outputting the po- 
tential of lithium ion batteries 58B. Battery voltage trans- 
formation circuit 62, as shown by a circuit diagram in Fig 
5, is connected to terminals T1 , T2 connected to the first 
power source circuit 22A shown in Fig 1 and lithium ion 
batteries 58B and also to terminal T3 to which a potential 
of 5 V is applied from the second power source circuit 
22B, terminal T5 connected to control unit 26, and ter- 
minal T4 connected to ground of second power source 
circuit 22B. 

[0042] Voltage of the plus terminals of lithium ion bat- 
teries 58 and a potential of 5 V (terminal T3) from the 
second power source circuit 22B are applied to the non- 
inverter input i+ of operational amplifier OP of the battery 
voltage transformation circuit, while being divided be- 
tween a 22 K£2 resistor and a 33 K£2 resistor. Further- 
more, a potential of lithium ion batteries 58 is applied to 
the inverted input i-, while being divided between a 33 
K& resistor and 3.3 KQ. resistor. Furthermore, a poten- 
tial of 5 V (terminal T3) from the second power source 
circuit 22B is applied to a positive power source v-h of 
operational amplifier OP, and the ground potential (ter- 
minal T4) from the second power source circuit 22B is 
applied to the negative power source v-. The operational 
amplifier OP applies a voltage corresponding to the po- 
tential of lithium ion batteries 58B from the output termi- 
nal OT to control unit 26 of charging device 1 0 via ter- 
minal T5. In the present embodiment, a configuration 
was used in wh ich a constant voltage of 5V was supplied 
from the charging device. However, a constant voltage 
source may also be provided in the lithium ion battery 
pack 50B. 

[0043] The configuration of control unit 26 is such that 
when lithium ion batteries 58B are charged, it can de- 
termine the voltage rise value by differentiating the volt- 



age values calculated based on the potential supplied 
from the battery voltage transformation circuit, then cal- 
culate the prescribed current value based on the below- 
described voltage rise pattern, and output the current 
s value to charging current control unit 24 as a current 
command value. Then, charging current control unit 24 
controls the first power source circuit 22A based on the 
current command value from control unit 26 and adjusts 
the charging current of battery pack 50B. 
10 [0044] If a nickel hydrogen battery pack 50 or lithium 
ion battery pack SOB is installed on the fitting portion 12 
of charging device 1 0 having the above-described con- 
figuration, control unit 26 controls the first power source 
circuit 22A and charging current control unit 24 accord- 
's ing to the prescribed algorithm and charges nickel-hy- 
drogen batteries 58 in battery pack 50 or lithium ion bat- 
teries 58B in lithium Ion battery pack SOB. If the capacity 
indication lamp indicating the capacity of battery pack 
50 comes on during charging and charging is complet- 
20 ed, the charging is terminated and the user is informed 
about it by the same lamp. The structure of control unit 
26 is such that it can conduct a variety of operations 
such as charging. 

[0045] The operation principle of the charging device 
25 of the first preferred embodiment will be described be- 
low. 

A. Control of charging current according to temperature 
rise pattern 

30 

(Charging of the first battery (nickel-hydrogen battery, 
nickel-cadmium battery, and the like) which can be 
charged by applying any voltage) 

35 [0046] If the charging current in batteries such as nick- 
el-hydrogen batteries, nickel-cadmium batteries and the 
like is increased, the charging time is shortened, but the 
temperature increase becomes significant. Conversely, 
if the charging current is decreased, the charging time 

^o is extended, but the temperature rise is reduced. A spe- 
cific feature of nickel-hydrogen batteries is that the tem- 
perature gradient (temperature rise value) changes sig- 
nificantly depending on the charge current and the al- 
ready charged capacity. For this reason, in the present 

45 embodiment, charging is conducted, while changing the 
current value in order to suppress the temperature rise. 
Thus, in the conventional charging devices, charging 
has been conducted at a constant current value, where- 
as in the charging device of the present embodiment, 

50 the state of batteries is determined based on the tem- 
perature rise value and charging is conducted by chang- 
ing the current value according to the temperature rise 
in the battery, that is, the current that can flow, while the 
temperature rise in the battery is made constant. 

55 [0047] The charging principle of the first embodiment 
will be described below with reference to Fig 6. In Fig 6, 
a battery temperature rise value is plotted against the 
ordinate and the charging time is plotted against the ab- 
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scissa. Curve L in the figure represents the temperature 
rise values at charging completion corresponding to the 
charging time, those values being observed when 
charging was conducted so that the temperature rise 
value was constant. For example, when the electric cur- 
rent was controlled so that the battery temperature that 
initially was 20°C reached 53°C (temperature rise value 
of 33 deg), the charging time was 20 min , when the elec- 
tric current was controlled so that the battery tempera- 
ture reached 43° C (temperature rise value of 23 deg), 
the charging time was 30 min, and when the electric cur- 
rent was controlled so that the battery temperature 
reached 78°C (temperature rise value of 58 deg), the 
charging time was 10 min. 

[0048] Thus, the temperature rise value (gradient) 
can be determined from the charging completion time 
and battery temperature rise value at the time of charg- 
ing completion based on curve L. For example, it is clear 
that in order to complete charging in 20 min, charging 
may be conducted so as to obtain a temperature gradi- 
ent (temperature rise value) shown by line (a) connect- 
ing 0 deg in the figure and 33 deg on curve L. In this 
case, charging is completed almost exactly in 20 min 
when the temperature becomes 53°C (temperature rise 
value 33 deg). 

[0049] Fig 6 also shows changes in the current value 
corresponding to a constant temperature rise value 
which are shown as the charging current. In order to ob- 
tain a constant temperature rise value, the value of 
charging current should be frequently adjusted. Howev- 
er, forthe sake of convenient illustration, fine adjustment 
components are omitted. As shown in the figure, the cur- 
rent value in the first half of charging is relatively large, 
gradually decreasing in the second half of charging. 
Here, a rapid decrease in charging current at the com- 
pletion of charging indicates that charging of the nickel- 
hydrogen batteries was completed. In the present em- 
bodiment, charging is completed when this effect is de- 
tected. 

[0050] Furthermore, the so-called "overshoot" effect 
is sometimes observed in the nickel-hydrogen batteries. 
Thus, at the completion of charging, the temperature 
may rapidly increase because of the past charging his- 
tory rather that owing to the present charging current. In 
case of such overshoot, the temperature rise value can- 
not be made below the preset value even if the current 
value is decreased. In the present embodiment, charg- 
ing is completed when this effect is detected. 
[0051] A case in which the current value is adjusted 
so as to obtain a constant temperature rise value will be 
described below with reference to Fig 6. In the first em- 
bodiment, the current value is adjusted so that the tem- 
perature rises according to the prescribed pattern in or- 
der to further shorten the charging time. 
[0052] The prescribed pattern will be described below 
with reference to Fig 7. In Fig 7, a battery temperature 
rise value is plotted against the ordinate and the charg- 
ing time is plotted against the abscissa. The area E 



shown by hatching represents the charging time and 
temperature rise value at the charging completion time. 
For example, when the temperature gradient shown by 
(a) in the figure was made constant so that the charging 
5 conducted with the charging device of the first embodi- 
ment was completed within 20 min, the temperature at 
charging completion was 33 deg. On the other hand, 
when charging was conducted so that the temperature 
rise value changed following a peak-like pattern shown 
10 by solid line (d) in the figure, the charging could be com- 
pleted at a battery temperature rise value of 30°C. Fur- 
thermore, when charging was conducted so that the 
temperature rise value changed following a peak-like 
pattern shown by a dash-two-dot line (e) that was more 
15 convex than the solid line (d), the charging could be 
completed at a battery temperature rise value of 32 deg. 
Conversely, when charging was conducted according to 
a valley-like pattern shown by a broken line (h), the 
charging was completed at a battery temperature rise 
value of 38 D C. On the other hand, when charging was 
conducted so that the temperature rise value did not 
match a specific pattern, the battery temperature rise 
value increased to about 43 deg. 
[0053] Thus, area E shown by hatching represents 
the charging time and temperature rise value at charg- 
ing completion obtained under various charging condi- 
tions. The boundary line B of area E represents the tem- 
perature rise value attained when charging was com- 
pleted at the lowest temperature. On the other hand, 
broken line (a) shown in Fig 7 demonstrates that when 
the temperature rise value was made constant, as was 
explained with reference to Fig 6, the battery tempera- 
ture rise value was 33 deg. By contrast, it is clear that 
charging can be completed at the lowest temperature 
rise value (30deg) by following a peak-like temperature 
rise pattern shown by solid line (d) in the figure. The rea- 
son why charging can be completed at the low temper- 
ature when the temperature rise value is controlled as 
peak-like rather than the temperature rise value is made 
constant lies as follows. The temperature rise pattern is 
set so that the difference of temperature between bat- 
tery temperature and atmosphere temperature is small, 
battery is hardly cooled, capacity is nearly empty, tem- 
perature rise in charging is relatively small, temperature 
rise value in the first half period of charging Is relatively 
high, contrary, the difference of temperature between 
battery temperature and atmosphere temperature is 
large, battery is easily cooled, temperature rise in charg- 
ing is relatively large, temperature rise value in the re- 
maining half period of charging is relatively low. That is, 
charging can be conducted so that the temperature at 
the time of charging completion is the lowest by optimiz- 
ing the temperature rise pattern. In the present embod- 
iment, based on the result of the above experiment, the 
current value is adjusted and charged based on the tem- 
perature rise pattern so that the charging can be com- 
peted at the lowest temperature. 
[0054] In the charging system of the present embod- 
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iment, EEPROMs of a plurality of nickel-hydrogen bat- 
tery packs 50 store respective data for determining the 
temperature rise patterns described above with refer- 
ence to Fig 7. Thus, the temperature rise pattern differs 
significantly depending on the voltage of battery pack 
(number of cells), battery type (even some of nickel-hy- 
drogen batteries can have different characteristics), 
heat emission ability of battery pack, and the like. There- 
fore, storing respective temperature rise patterns for a 
plurality of battery packs makes it possible to charge any 
battery pack with highest efficiency. 

B. Control of charging current according to voltage rise 
pattern 

(Charging of battery (lithium ion battery) requiring 
constant-voltage charging in the final period of charging) 

[0055] Fig 8(A) illustrates the conventional method for 
charging of lithium ion batteries. If a voltage above the 
preset value VF is applied to a lithium ion battery, it can 
even cause inflammation of the battery. For this reason, 
charging is started at a constant current (constant cur- 
rent control) and when the voltage of the lithium ion bat- 
tery increases and reaches the preset value VF (time 
t1), the constant-current control is switched to a con- 
stant-voltage control so as to retain the preset value VF 
and charging is continued till the current becomes no 
more than a preset value (time t2). Thus, in the conven- 
tional charging system, charging of lithium ion batteries 
required a constant-current control and a constant-volt- 
age control. 

[0056] Fig 8(B) illustrates the lithium ion battery 
charging system of the present embodiment. In the 
present embodiment, the current value is controlled so 
as to obtain a voltage rise pattern shown in the figure. 
With such control, the charging device 10 charges the 
lithi urn ion battery pack 50 by switch ing the charging cur- 
rent, without using a constant-voltage circuit. 
[0057] Charging device 10 is a commercial product 
designed to conduct charging so that the temperature 
of nickel-hydrogen battery pack 50 is raised according 
to the temperature rise pattern described above with ref- 
erence to Fig 7. In the first embodiment, charging of lith- 
ium ion batteries can be conducted without any modifi- 
cation of the charging device. Therefore, a battery volt- 
age transformation circuit 62 is installed on the lithium 
ion battery pack SOB and charging is conducted by ap- 
plying a voltage value corresponding to the voltage of 
the lithium ion battery 58B from the lithium ion battery 
pack 50B to the charging device. Thus, charging device 
10 inputs temperature changes in the nickel-hydrogen 
battery pack 50 as a voltage value and controls the cur- 
rent so as to follow the temperature rise pattern. When 
such charging device charges the lithium ion battery 
pack 50B, it inputs voltage changes of the lithium ion 
battery (recognized as temperature changes by the 
charging device) as voltage values and controls the cur- 



rent so as to follow the voltage rise pattern (recognized 
as the temperature rise pattern by the charging device), 
thereby charging the lithium ion batteries in the same 
manner as nickel-hydrogen batteries. 
5 [0058] Specific charging control conducted by the 
charging device of the first embodiment will be de- 
scribed below with reference to Fig 9. 

[Case when nickel-hydrogen battery pack 50 is charged 
10 by the charging device] 

[0059] First, control unit 26 of charging device reads 
the contents of EEPROM 61 of nickel-hydrogen battery 
pack 50 (S12). Control unit 26 detects the temperature 

*5 of battery pack 50 based on the voltage value deter- 
mined by the voltage dividing resistance of thermistor 
TM and resistor R1 (S16). Then, the peak-like temper- 
ature rise pattern described above with reference to Fig 
7 is calculated based on data read from EEPROM 61 of 

20 nickel-hydrogen battery pack 50 (S22). 

[0060] Control unit 26 detects a temperature gradient 
from the temperature rise pattern (S24), determines the 
temperature rise value by differentiating the difference 
between the previously detected temperature value and 

25 the temperature value that was input this time, and 
checks the current value by comparing the detected 
temperature rise value and the temperature rise pattern 
calculated in step 22 (S26). When the temperature rise 
value is less than the gradient, the current value is in- 

30 creased above the present value. Conversely, when the 
gradient is less, the current value is decreased. 
[0061] Then, a determination is made as to whether 
the current value is higher than the preset value or not 
(S28). If charging is completed and the current value is 

35 not higher than the preset value (S28: Yes), the charging 
processing is completed. On the other hand, when the 
current is no less than the preset value (S28: No), a de- 
termination is made as to whether the preset tempera- 
ture gradient can be maintained by adjusting the current 

40 value or not, that is, whether the overshoot has occurred 
or not (S30). When the overshoot has occurred (S30: 
Yes), processing is terminated. On the other hand, when 
the overshoot has not occurred (S30: No), the program 
proceeds to step 32, the battery is charged at the current 

*5 value confirmed in step 26, and charging processing is 
continued. 

[0062] In the charging device of this embodiment, the 
batteries are charged, while the current value is being 
adjusted so that the temperature rise value follows the . 
50 temperature rise pattern. Therefore, charging can be 
conducted so mat the temperature at the time of charg- 
ing completion is the lowest temperature by optimizing 
the temperature rise pattern as described above with 
reference to Fig 7. 

55 
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[Case when lithium ion battery pack 50B is charged by 
the charging device] 

[0063] First, control unit 26 of charging device reads 
the content of EEPROM 61 of lithium ion battery pack 
50B (S12). Control unit 26 detects the potential (recog- 
nized as the temperature by the control unit) based on 
the output voltage value from the battery voltage trans- 
formation circuit 62 incorporated in lithium ion battery 
pack 50B (S16). Then, a peak-like voltage rise pattern 
(produced as a temperature rise pattern in the control 
unit) described above with reference to Fig 8(B) is cal- 
culated based on the data read out from EEPROM 61 
of lithium ion battery pack 50B (S22). 
[0064] Control unit 26 detects the temperature gradi- 
ent (voltage gradient) from the temperature rise pattern 
(voltage rise pattern) (S24), determines the temperature 
rise value (voltage rise value) by differentiating the dif- 
ference between the previously detected temperature 
value (voltage value) and the temperature value (volt- 
age value) that was input this time, and checks the cur- 
rent value by comparing the detected temperature rise 
value (voltage rise value) and the temperature rise pat- 
tern (voltage rise pattern) calculated in step 22 (S26). 
When the temperature rise value (voltage rise value) is 
less than the gradient, the current value is increased 
above the present value. Conversely, when the gradient 
is less, the current value is decreased. 
[0065] Then, a determination is made as to whether 
the current value is higher than the preset value or not 
(S28). If charging is completed and the current value is 
not higher than the preset value (S28: Yes), the charging 
is completed. On the other hand, when the current is 
higherthan the preset value (S28: No), a determination 
is made as to whether the preset temperature gradient 
(voltage gradient) can be maintained by adjusting the 
current value or not, that is, whether the overshoot has 
occurred or not (S30). Here, since no overshoot has oc- 
curred in the lithium ion batteries (S30: No), the program 
proceeds to step 32, the batteries are charged at the 
current value confirmed in step 26, and charging 
processing is continued. 

[0066] In the first embodiment, lithium ion batteries 
which require constant-voltage charging in the final pe- 
riod of charging can be charged with the existing charg- 
ing device for nickel-hydrogen batteries and nickel-cad- 
mium batteries, without any modification of the charging 
device. 

[0067] The charging system of the second embodi- 
ment will be described below. The mechanical structure 
of the charging device and battery pack of the second 
embodiment are identical to those of the above-de- 
scribed first embodiment. However, in the first embodi- 
ment, charging of a battery pack was conducted without 
recognizing whether it contains nickel-hydrogen batter- 
ies or lithium ion batteries. By contrast, in the second 
embodiment, the charging device is programmed so as 
to conduct charging upon recognizing whether the bat- 



teries which are to be charged are nickel-hydrogen bat- 
teries or lithium ion batteries. Thus, correction of the pro- 
gram of the existing charging device makes it possible 
to conduct optimum charging of not only the nickel-hy- 
5 drogen batteries, but also of lithium ion batteries. 
[0068] Specific charging control in the charging de- 
vice of the second embodiment will be described below 
with reference to Fig 1 0. 

10 [Case when nickel-hydrogen battery pack 50 is charged 
by the charging device] 

[0069] First, the charging device reads the contents 
of EE PROM 61 of battery pack 50 (S 1 2). Then, the read- 
's out content is used to determine whether the batteries 
which are to be charged are in a nickel-hydrogen battery 
pack 50 or In a lithium ion battery pack 50B (S14). In 
case of lithium ion batteries (S14: Yes), the program pro- 
ceeds to the below described charging of lithium ion bat- 
20 teries. On the other hand, in case of nickel-hydrogen 
batteries (S14: No), control unit 26 detects the temper- 
ature of battery pack 50 based on the voltage value de- 
termined by the voltage dividing resistance of thermistor 
TM and resistor R1 (S16). Then, the peak-like temper- 
as ature rise pattern described above with reference to Fig 
7 is calculated based on data read from EEPROM 61 of 
nickel-hydrogen battery pack 50 (S22). 
[0070] Control unit 26 detects the temperature gradi- 
ent from the temperature rise pattern (S24), determines 
30 the temperature rise value by differentiating the differ- 
ence between the previously detected temperature val- 
ue and the temperature value that was input this time, 
and checks the current value by comparing the detected 
temperature rise value and the temperature rise pattern 
35 calculated in step 22 (S26). When the temperature rise 
value is less than the gradient, the current value is in- 
creased above the present value. Conversely, when the 
gradient is less, the current value is decreased, 
[0071] Then, a determination is made as to whether 
40 the current value is higher than the preset value or not 
(S28). If charging is completed and the current value is 
not higherthan the preset value (S28: Yes), the charging 
processing is completed. On the other hand, when the 
current is higher than the preset value (S28: No), a de- 
45 termination is made as to whether the preset tempera- 
ture gradient can be maintained by adjusting the current 
value or not, that is, whether the overshoot has occurred 
or not (S30). When the overshoot has occurred (S30: 
Yes), processing is terminated. On the other hand, when 
so the overshoot has not occurred (S30: No), the program 
proceeds to step 32, the battery is charged at the current 
value confirmed in step 26, and charging processing is 
continued. 

[0072] In the charging device of this embodiment, the 
55 batteries are charged, while the current value is being 
adjusted so that the temperature rise value follows the 
temperature rise pattern. Therefore, charging can be 
conducted so that the temperature at the time of charg- 
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ing completion is the lowest temperature by optimizing 
the temperature rise pattern as described above with 
reference to Fig 7. 

[Case when lithium ion battery pack 50B is charged with 
charging device] 

[0073] Control of charging of lithium ion battery pack 
50B by the charging device of the second embodiment 
will be described below with reference to Fig 11 . 
[0074] First, the charging device reads out the con- 
tents of EE PROM 61 of battery pack 50 as described 
above with reference to Fig 1 0 (S1 2). Then, if the battery 
which is being charged is determined to be a lithium ion 
battery based on the read-out contents (S14: Yes), the 
program proceeds to S116 shown in Fig 11 . 
[0075] Control unit 26 detects the potential of battery 
pack 50 based on the output voltage value from the bat- 
tery voltage transformation circuit 62 incorporated in the 
lithium ion battery pack 50B (S116). Control 26 deter- 
mines the voltage gradient from the voltage rise pattern 
read out from battery pack 50B (S1 24), then the voltage 
rise value is determined by differentiating the difference 
between the previous detected voltage value and the 
presently input value, and the current value is checked 
by comparing the detected voltage rise value and the 
voltage rise pattern calculated in step 120 (S126). Here, 
when the voltage rise value is less than the voltage rise 
gradient, the current value is increased above the 
present value. Conversely, the gradient is lower, the cur- 
rent value is decreased. 

[0076] Then, a determination is made as to whether 
the predetermined voltage value (preset value) VF is 
reached or not (S128). Charging is conducted so that 
the potential rises following the voltage rise pattern 
shown in Fig 8(B) before the present voltage is reached. 
On the other hand, if the preset voltage VF is reached, 
charging is conducted, while decreasing the current, so 
as to maintain the preset voltage (S132). Here, if the 
preset voltage is reached (S128: Yes), a determination 
is made as to whether the set time (for example, 1 0 min) 
has elapsed since the preset voltage was reached 
(S130), and charging is completed if the set time has 
elapsed (S130: Yes). On the other hand, before the set 
time is reached (S130: No), a determination is made as 
to whether the charging current value required to main- 
tain the voltage value (preset voltage) VF is less than 
the preset value or not (S1 231). If it is less than the pre- 
set value (S131 : Yes), charging is completed even be- 
fore the set time elapses. 

[0077] In the charging system of the first and second 
embodiments, when charging device 1 0 charges nickel- 
hydrogen batteries, charging is conducted by adjusting 
the current value so that the temperature follows the tar- 
get temperature rise pattern. Therefore, nickel-hydro- 
gen batteries demonstrating a large increase in temper- 
ature can be charged within a short time so that a high 
temperature is not attained. Furthermore, when charg- 



ing device 10 charges the lithium ion batteries 58B, 
charging is conducted by adjusting the current value so 
that the voltage follows the target voltage rise pattern. 
Thus, if the voltage of lithium ion battery pack 50B reach- 

5 es the preset voltage VF, charging is continued, while 
reducing the electric current according to the voltage 
rise pattern shown in Fig 8(B) so as to maintain the pre- 
set voltage VF. Therefore, lithium ion battery pack 50B 
can be charged safely without applying a voltage ex- 

10 ceeding the preset voltage VF. As a result, the first bat- 
teries which can be charged at a constant current, such 
as nickel-hydrogen batteries, and second batteries 
which can be charged only at a potential below the pre- 
set level, such as lithium ion batteries, can be charged 

15 with a the same charging device containing no constant- 
voltage charging circuit. 

[0078] In the above-described embodiments, an ex- 
ample was considered in which the charging device 
charged the nickel-hydrogen batteries as the batteries 

20 which can be charged at a constant current. However, 
it goes without saying that other batteries such nickel- 
cadmium batteries can be charged together with the 
nickel-hydrogen batteries or instead of them. Further- 
more, lithium ion batteries were considered as the bat- 

25 teries which require constant-voltage charging in the fi- 
nal period of charging. However, various lithium batter- 
ies can be charged in the charging system of the first 
and second embodiments. 

[0079] Although the invention has been disclosed in 
30 the context of a certain preferred embodiments, it will 
be understood that the present invention extends be- 
yond the specifically disclosed embodiments to other al- 
ternative embodiments of the invention. Thus, it is in- 
tended that the scope of the invention should not be lim- 
35 rted by the disclosed embodiments but should be deter- 
mined by reference to the claims that follow. 



Claims 

40 

1 . A charging system for charging a first battery which 
can be charged at a constant current and a second 
battery which can be charged only at a potential be- 
low the preset level with the same charging device, 

45 wherein said first battery comprises a temperature 
detecting element, said second battery comprises 
an output unit for outputting a potential correspond- 
ing to the battery voltage, and said charging device 
comprises a detection unit for detecting the temper- 

50 ature of the first battery and the voltage of the sec- 
ond battery, a current value search unit for search- 
ing a current value at which the temperature of the 
first battery that was detected with said detection 
unit follows the target temperature rise pattern dur- 

55 ing charging and searching a current at which the 
voltage of the second battery follows the target volt- 
age rise pattern during charging, and a charging 
current control unit for charging the batteries at the 
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current value found by said current value search 
unit. 

2. The charging system as described in claim 1, 
wherein said detection unit detects the temperature 5 
of the first battery based on the potential of a resistor 
connected to said temperature detecting element. 

3. The charging system as described in claim 1 or 
claim 2, wherein said first battery stores the temper- 10 
ature rise pattern during charging which is the target 
pattern for the first battery and said second battery 
stores the voltage rise pattern during charging 
which is the target pattern for the second battery. 

15 

4. The charging system as described in any claim from 
claims 1 to 3, wherein said second battery is a lith- 
ium ion battery. 

5. A battery pack in which the second battery which 20 
can be charged only at a potential no higher than 

the preset level is charged with a charging device 
conducting charging so that the temperature of the 
first battery follows the target temperature rise pat- 
tern during charging by detecting the temperature 25 
of the first battery which can be charged at a con- 
stant current by the potential and controlling the 
charging cu rrent so that changes in the potential fol- 
low the preset pattern, wherein by outputting the po- 
tential corresponding to the voltage of the second 30 
battery to said charging device, said charging de- 
vice is caused to control the charging current so that 
the changes in the potential follow the preset pat- 
tern and to conduct charging so that the voltage of 
the second battery follows the target voltage rise 35 
pattern during charging. 
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